We report on the soundscape of Piazza Fontana di Trevi and Piazza Testaccio, gathering places in Rome. Soundscape is a realm of research about the interactions between cultural, cognitive and physical aspects of sound in space, still yielding interesting open questions. We performed perceptive surveys and instrument measurements, carefully spatialized in both cases. The perceptive results concern the recognizability of a particular sound in a conglomerate of sounds across an urban space and the sense of bodily orientation given by sound. They are proposed via verbal narratives and original visualizations of the place. We then use computer models to validate some of the perceived (unexpected) spatial perceptive features, by a ray-tracer simulation. The point of the paper is in fact to compare methods about sound in space, starting from perceptive evaluations, to drive objective analysis and collection of data toward new aspects, and always pursuing spatialization of data.
Introduction
[. . . ]We can isolate an acoustic environment as a field of study just as we can study the characteristics of a given landscape. However, it is less easy to formulate an exact impression of a soundscape than of a landscape. There is nothing in sonography corresponding to the instantaneous impression which photography can create. (Raymond Murray Schafer, The Soundscape: Our Environment and the Tuning of the World, 1977, p. 7) Today "soundscape" is an entire realm of activities with sound, in space. Just to mention two quite different atti-tudes among others, we could think of soundscaping either as the action of marking the space with sound, modifying existing environmental sounds; or else as an objective reality to be observed and surveyed. We are interested in the second. As is well known, devices for measuring sound in open spaces are mostly tuned on molest noise, which is usually highly periodic, and with rather peculiar characteristics. Moreover sounds in urban spaces overlap, defying standard documentation methods, as "attention" is a key ingredient of their perception, at the frontier of scientific research, as in the well-known problem of the "party effect". We know well that documentation of sounds in relatively large open spaces is technically a difficult problem even for scholarly communities specializing in such documentation, such as ethnomusicologists. The reason lies on the choices about spatial scale. We know that, especially in public open spaces, sounds mark the space, besides the more studied opposite. In fact, obviously a space configuration affects the diffusion of sound in it [7] ; vice-versa sounds connote and often physically define areas [19] especially in public places: festivals, religious events, market cries, bells or today political rallies are well-known instances of this. The interest for sound in space regards also the fact that all spatial information is encoded in the very small time-scale of the signal and decoded by our hearing apparatus ( [12] , and also [13] in Italian with updated bibliography). The opening citation from the book of Murray Schafer suggests that, while we are able to communicate a landscape in many ways (drawing sketches, taking pictures. . . ) we don't have the same cultural, scientific and technical capabilities to communicate a soundscape to third parties, much due to an inherent inability of our mostly visual culture. Such accent on the visual aspect is even reflected in the development of mathematics itself: while we have had over two millennia of sophisticated means in geometry, culturally shared, and constantly updated, dynamics (involving variable time) is a relatively young field (a few centuries), and sound is definitely a part of it. In turn, the available mathematics and mathematical models necessarily modulates quantitative instrumental measures and their reading. Soundscape is made of complex sounds, in principle as processed by humans. It is very interesting to study both the complexity of the signal in space, and its complex processing in space by the end users.
Speaking about sounds that connote an area, some sounds deserve to be preserved because they are part of the cultural heritage of that place; they give us a sense of belonging and sometimes a will to stay. "Comfort" in public areas depends on sounds also for these factors. It is therefore desirable to find ways to provide a proper documentation of them. The soundscape of Rome has historically been, and still is, characterized by two complex sounds: that of bronze bells and that of different kinds of water fountains. These, and all other sounds, interact on a 3d space in which orography is quite important even at small urban scale: uphill and downhill at times not visibly noticeable, can be perceived by the ear. Bell sound typically travels far across skies, while fountain sounds are confined to smaller urban areas.
Our paper aims at giving a contribution for the perceptive description of a soundscape with fountains. In particular we focus on the problem of selecting features for surveying and documentation, focusing on some aspects of "attention" and how they affect the survey. We illustrate some surveys performed by graduate students of architecture. The key here is the ability of students of architecture to do surveys, and to report them first of all on hand sketches, especially when based on spatial organization. As all theories begin with an honest phenomenology, we here propose some phenomenology.
Concerning space, the term "earpoint", coined to mimic the widespread "viewpoint", is relatively recent. As is well known, Central Perspective is a mathematical model of visual perception, dating from Euclides, which found its final scientific crowning in the Reinassance. Its modelling assumptions are that an object (external to the perceiver), is being observed by one still eye, positioned at a given distance from the object. Some further assumptions are due to the interaction of the spatial scale of the object and this distance. We all owe a lot, culturally and technically, to the subsequent sophisticated refinements of this model, and to the consideration of other modelling hypothesis (binocular view, different spatial scales, time of observation. . . ) ( [14, 16] ). No such models exist for listening. In [38] it is proposed to use the selection of timescale attention as one instance of "earpoint".
As to phenomenology, this paper regards collecting and analyzing data, which illustrate interesting features, shared by the ear. In particular, there are abilities of the human listening apparatus, that need more understanding, such as: the ability to focus on a sound, the tendency to exclude some sounds from the memory, the ability to reset the auditory attention in a sudden way, the capability of orientation in space; the ability to separate signals that arrive simultaneously (sometimes even from the same source) as two signals; the ability of representing a transparency of sounds in a conglomerate. Sound as an orientation factor is part of the so-called "sonic" features¹ [15, 40, 41] , aspects of the audio signal that are not easily recognized by measuring instruments. To this aim, we propose some perceptive inquiries of the sound of two piazzas. We point out that, when comparing perceptive surveys and instrumental measures (with sonometers) the first difficulty that has to be addressed is about the amount of spots of observation; the number and position of spots should be the same, for the two types of surveys, since a single measure of the sound level of a piazza (even small ones such as Fontana di Trevi), would not give information comparable with the perceptive study. The perceptive study is in fact always performed in sound-walks, allowing appreciation of changes of sound along small changes in space.
Some different approaches on soundscape
To enlighten that sound in space can be addressed from many directions, we mention the anthropological point of view of Steven Feld and Antonello Ricci: Feld in ( [18, 19] ) asserts the importance of listening to orient oneself in space and points out that hearing and listening, speaking and singing provide humans with a key to understand the world that surrounds them; Feld, coining the term "acoustemology" also studied the rich cultural interaction of soundscape of the rainfield forests, and the language spoken in Papua New Guinea. Ricci, in [33, 34] , describes how listening allows deep knowledge and "mapping" of the space around us, with examples drawn from his fieldwork with sheperds and peasants in the wide spaces of the Sila plateau, as well as in the gatherings in closed spaces. The research on soundscape started at the end of the 70's with the works of Murray Schafer and the World Soundscape Project. Exemplary are the works on perceptive assessment and visualization of a soundscape showed in "Five Village Soundscape" and "The Vancouver Soundscape" [27] [28] [29] .
A very significant group of researchers on the soundscape at the moment is the group Cresson in Grenoble, which gathers around the French social philosopher JeanFrançois Augoyard. The Italian and English edition of their book "A l'écoute de l'environnement : répertoire des effets sonores" ( [2] ) carries a foreword by Murray Schafer stating that in their empirical research (such as the study of the soundscape of european harbours), the recordings and reports give the work a phenomenological aspect, very different from the "purely objective" description generally encountered. Also the method used by The World Soundscape Project in ( [27] [28] [29] ) is phenomenological. It is part of Cresson's approach "to compare the physical characteristics of urban settings with the perceptual awareness of its inhabitants and users" ( [2] English version p. XIII). For a review of some of the works of Cresson see ( [1, 2, 39] ). The Swiss composer Pierre Mariétan focused his works on combining composed music with environmental sounds, creating also sound installations and sound environments [26] .
A beautiful example of active "soundscaping" is the Marine Organ by Nikola Bašić, constructed in 2005 in the harbor of Zara², at sea level, which immediately became a gathering place. The organ has received many prizes.
In this framework it is worth to mention the research group Sonus Locus, located in Aix-en-Provence, who concentrates on the relation between sound and place, and their usage in artwork. In particular they are exploring audio mobility and new forms of listening and creation of sounds, related to movement [24, 35] .
A big part of literature about soundscape today is concerned with the important and pervasive problem of noise pollution, and the quest for "comfort". The search for International regulations, protocols and standards led to the development of quantitative approaches to soundscape survey, documentation, mapping, and their integration with psychoacoustic methods, aimed also at comparing laboratories and in situ techniques, ( [3, 4, 8, 9, 25] and the reference therein are just a few examples).
A special section in Urbanistica (Issue 153, 2014, pp. 120-152), the Journal of INU (Istituto Nazionale di Urbanistica), was devoted to soundscape, with contributions coming from different disciplines, approaches and researchers ( [5, 31, 37, 39] ). The special section points out the importance of rigorously taking into account perception and listening, suitably combined with quantitative measurements.
We point out that the definition of "pleasantness" is nontrivial. Even restricting to the sound of water, in [36] the author observes how different can be the perception of the sound of water when comparing the one of a fountain, the sea in quietness, the sea during a storm, or the dripping of a tap; one water sound is not perceptually similar to the other. For our approach more than pleasantness, we regard auditive attention, and sound which draw attention. The problem of assessing the quality of the sound of fountains has been addressed recently in [32] in terms of "similarity and pleasantness".
Our approaches for the listening to the two Piazzas
We report on the listening of two piazzas of Rome: the famous Piazza Fontana di Trevi, and a piazza of a busy popular district, Piazza Testaccio. The piazzas have a different geometry, and they each host a fountain, of very different kind, size and sound; we are interested on the recognizability of the sound of the water of those fountains, among the other sounds like chattering, traffic, birds, wind. Shared perceptive surveys and visualizations of Piazza Fontana di Trevi, as well as of other historical places in Rome were already studied by the second author in [37] ; section 4 reports the results on Piazza Fontana di Trevi and compare them with a ray-tracer simulation. In the present paper the same survey is done for Piazza Testaccio, a very symmetrical piazza formed by its surrounding buildings between 1884 and 1888. Method: We ask the surveyors to "just" go in the piazza and listen; in this first step we do not mention any decisions about the way to represent their surveys. In other words, the surveyors are not asked for a map, nor for a 3d representation of the piazza. This is important to stress, because it was later evident that a choice concerning the final representation affects attention, and all the communication of the resulting survey. For example, surveyors thinking of the final output as a map, would strikingly neglect sounds coming from above, or from out-of-sight sources. Other surveyors on the other hand, considered and reported sounds coming from the sources which were not in their immediate sight. As Soundscape develops in all spatial directions, with sources located in all of them, and at vastly different distances, all this is not easy to convey or to document.
One possible report is via some verbal narratives: they describe punctual experiences. Therefore they do not have a statistical value, but they raise questions that are worth taking into consideration, in order to try and give some an-swers in future studies. Some recurring spatial aspects in the narratives are that of focusing onto a sound and sound as an orientation factor.
Notice that tools for "room acoustics" do not in principle apply in urban spaces; from a mathematical point of view urban spaces are neither closed nor open: in terms of boundary conditions this means that in the vertical direction they can be considered as "free boundary", and can have complicated boundaries elsewhere. Nor applies the idea of sound travelling in a completely open space. Finally we show a geometric 3d model of both piazzas and their surroundings, to ascertain the effect of the first reflections of particles coming from a spherical source, via a ray-tracer. Our simulation regards the visualization and effects of overlapping of reflected wave-fronts. The ray tracer simulation for Piazza Fontana di Trevi will be compared to the perceptive and instrumental studies shown in [36] . The ray tracer simulation of Piazza Testaccio accounts for other perceived features.
This paper is organized as follows: in Section 2 we report the verbal narratives, introduced by our comments. Section 3 is devoted to Piazza Testaccio; we show visualizations of perceptual surveys with particular attention to the sound of the fountain; a ray-tracer simulation of the diffusion of sound in the piazza. In Section 4 we display a ray-tracer simulation of Piazza Fontana di Trevi to observe the diffusion of the sound of the fountain in the alleys, and compare these results with the ones obtained both with perceptual methodologies and with objective surveys showed in [36] . In Section 5 we report our conclusions.
Verbal Narratives
We start by overall commenting the narratives, and their strong experiential characterization. All surveyors are graduate students of architecture. Our sound-walks are actual walks, done in order to appreciate small spatial changes, and to allow the subtle interaction between the moving body and the appreciation of features in the small time-scales. i) All of the narrators use interchangeably expressions concerning "focus" on a sound, and locating its source. More precisely, they repeatedly report being able to "focus" on the sound, when the sound comes from a source which can be located. In this case focusing is equivalent to paying attention to it and bringing it to the foreground of their listening field. The two activities (locating the source and bringing a sound to a foreground of attention) are widely reported as connected. ii) Sound is evocative. All the narrators have a recollection coming to mind when asked questions about sound. Sound seems also to be more emotional than other senses. All those who happen to pay attention to sound, when asked to report their experience, chose rather emotional words. iii) Sounds are given a positive or negative value, also when not asked. As could be expected, traffic sound is always considered negative. More interesting is that the sound of voices, when collective, seems to be endowed with negative connotations. Whether it was chatter, prattle, clamor or shouting, it is denoted by negative attributes. iv) Awareness affects listening and even hearing ability thereafter, as we have all experienced. This is very interesting from an informational point of view. Some students-surveyors, which had already performed a "planned" sound walk (planned by Laura Tedeschini Lalli), explicitly say, the second time they go, that something more happens, and they claim it, they put the emphasis on their new awareness and the newly heard sounds. The narration of the second sound-walk is itself richer, and they take care to explicitly mention what new sounds they were able to hear with respect to the former one. Moreover they take care to describe all the conditions, although they have not necessarily been made aware of whether or not these conditions could make a difference. They know that some conditions play a role, for example the fact that vision can affect auditory perception. So their experiments often contain surveys made first blindfolded, then with open eyes. Furthermore, a student specifies that he has listened standing still, sitting on a bench, first time with open eyes, then blindfolded. He does not just write that he was standing still, he specifies that he was sitting, probably to point out that his attention was completely devoted to his ears. They learn each time a little more that many conditions can make a difference to the perception and location of sounds, and learn to report as many as possible in order to have some framework (and to more and more enjoy listening to the soundscape).
The Recollections: sharp, punctual, emotional narratives
We include here verbatim some of the verbal narrations we have collected in written form from our students. The narratives reported in the following were collected, in written form, answering the same question:
Has it ever occurred to you that sound allowed you to orient yourself in space? Tell us how it oriented you, and how the space around you was organized. No more than 10 lines.
We think the recollections about sounds and soundscape are interesting per se, as they seem all to be very sharp, in focus and emotional at the same time. We omit the name of the subjects. The sentences, in italics, at the beginning of every narration are editorial. times, that sound would guide me in space. One day of several years ago I was hiking in a natural reserve, near Lake Penne, where we used to go picnicking when I was a child. I remembered a beautiful waterfall just off the path, and the growing water sound of a creek brought me to it, even without knowing exactly the road to go. The place was a forest, not too dense, the creek was not always close to the path. 3. Sound as a guide to a desired destination. Last summer I was in a little town that I never visited before and I had to reach a square where the feast for the patron saint was taking place. While walking I did not hear sounds of particular intensity near me, except that of my steps or leaves moved by the wind. I could not orient myself visually, it was just the sound which guided me: I could perceive the rhythm of music, the bustle of people in the distance. I wasn't able to see the sound sources directly, but I managed to locate them thanks to my hearing perception, and I succeeded in reaching the desired place. The closer I came, the more clearly I heard the sounds, distinguishing the background music from people who spoke with the microphone and the background bustle. Comments to first three narratives: very emotional narrations in few lines. Just asking about orientation by sound, the subjects are driven to the recollection of an experience in differently unknown places. The chosen words are emotional and poetic. No rhetoric, a very brief spot about disorientation and orientation.
Perception of sound is affected by uphill and down-
hill. Walking in a large park, I noticed that my friends' voices, and the sound of their steps became sharper when we were on higher spots on our paths. When walking through lower and closer passages, voices and steps blurred into each other and became louder. Going back to the sidewalk of the street, steps were covered by the traffic noise, while voices became louder, probably due to the reflections of high buildings nearby. Comment: town sounds convey some info about the shape of space around. Traffic sound, in particular, allows us to recognize whether we are in a street or in a piazza. Rome is uphill and downhill. This is not so readily recognized at first sight. It is generally quite apparent if you cycle, (which for the same reason is rare in Rome). Sound seems to be a very strong indicator of orography, to the surprise of the sound-walkers, who had not otherwise realized it. On a small spatial scale, they can perceive qualitative differences between sounds of steps walked and thus resounding on lower floor level or on higher floor level.
Attention and perception changes (just) after a
"guided" sound walk. I managed to improve my perception of sounds after the first sound walk with the professor's guide, when I could not perceive the sounds of nature, covered by the traffic. I then resumed the experiment, sitting on a bench, in the absence of traffic. I heard clearly predominant sounds like the birds, the rustling of the trees, the passing aircraft. Then I repeated the experience blindfolded: my ears were immediately drawn to the sounds, so that I could immediately understand where they came from. And I succeeded in perceiving other sounds than listening with my eyes open: running people, dogs barking and, unfortunately, traffic sounds, though far away. 6. Reflection on buildings. We went to Santa Maria Liberatrice square with some colleagues to try to make a perceptive survey of the sounds. We walked along two different itineraries: one inside the square, one more exterior. In the outer path the sounds were sharper thanks to the buildings that directed sounds towards our ears. Along the inner path, where there are many trees, we perceived less sharp and widespread sounds. In the middle of the square the prevalent sound was the traffic that could make me perceive the shape of the square.
Piazza Testaccio: perceptive surveys, geometric simulation
Piazza Testaccio is located in a famous workers district of Rome, where the slaughterhouse was in function, until the 1970's, and which is now known for its numerous restaurants and the farmers market. Piazza Testaccio, dating from 1888 hosted the neighborhood market for many years. In 2012-15 the square has been completely restored and the open market has been moved elsewhere. The Fountain of the Anfore was planned for this piazza by architect Pietro Lombardi and inaugurated here in 1927; yet, for decades, from 1935 to 2015, it was moved to an open and very trafficked and noisy crossroad nearby, along the Tiber. Now it has been replaced in the center of the square. The fountain is the only source of water in the square. The piazza is very geometrical and symmetrical, as the urban layout of this workers area from the 1880's. We investigated the soundscape of this piazza from different point of views and methods: with a shared perceptive method, described with original visualizations; by implementing a simulation model of the diffusion of sound in this space configuration, with a ray-tracer.
Two visual narrations of soundscape, over different spatial dimensions: one ground map, one vertical section
A team of 8 surveyors performed the surveys of piazza Testaccio. All the surveyors had followed a short two lectures training in "ear cleaning", such as for example [10, 11, 23, 30] . The team went together for a first survey. They discussed together and arrived at different conclusions: the 4 female members formed two separate teams, returned for other surveys, at different times of the day, tried also blindfolded and produced the visualizations displayed in Figures 1-4 and 5-7. The visualization of the experiences are quite different even in the coordinates choice.
The piazza is square-shaped, surrounded by four streets, trees and enclosed on all fronts by buildings. The area enclosed in the central area is only pedestrian, cars are confined to the boundaries. This configuration affects the perception of sound. The fountain consists of a central, highest composition of faucets (now closed, apparently to avoid mold and moss) and of 12 taps placed at 3 different heights, and 3 different distances from the center, respecting the 4-fold symmetry in the surrounding square. Each tap pours water into a different basin made of stone, which affects the sound both from the point of view of the amount of noise and of the quality. The basins, in fact, add a different sound and resonance. Four manholes cover surround the fountain and accentuate the sound of water (one of the manholes is closed).
The team of 8 first performed a sound-walk around the quarter, recording and discussing on the perceived sounds (June 5th 2017). They tried to distinguish punctual from continuous sounds, sounds of nature, sounds from traffic or sounds made by people. This was the first occasion for them to appreciate the soundscape of the city, they wrote, and they noticed the change of sounds according to the shape and composition of the space. For example trees placed on the perimeter of Piazza Testaccio contribute to filter the traffic noise.
Then they concentrated on the square: they did not agree on which and where was the predominant sound in the conglomerate, if that of the water of the fountain or people chattering. In a second moment they noticed that this disagreement could be due to the influence of vision: seeing the fountain influenced the perceivers in an early recognition, when the sound was not yet perceptible being overwhelmed by traffic noise, or people's voices. During the second walk (June 9th 2017) the goal was to unequivocally determine which sound emerged from the conglom- erate, so the team chose to eliminate the visual component. Proceeding one at a time they explored blindfolded the pedestrian area of the square, finding it more difficult to recognize sounds. They point at which they actually recognized the sound of water was no longer in the perimeter of the square, but near the fountain itself, so they agreed that the sound of water was really emergent only near the fountain. The traffic sound was predominant in the areas surrounding the Piazza, and chattering near trees and benches, inside the pedestrian area. Afterwards 2 teams of 2 perceivers each decided to perform other inquiries, separately, and this is what is reported in the following. One team reports more about conglomerates and does so in plan map; the other choose to report rather about sources, and does so in vertical section. This choice, in turn, affects the perceived sonic material in a nontrivial way.
Team Federica Lippolis, Marina Nuti: the surveys were performed during three main times of the day: 11.30 a.m. (Figure 2 ), 5.30 p.m. (Figure 3 ), 11.30 p.m. (Figure 4) ; they report of an open-eyed and of a blindfolded survey. The prevalent sounds inside the square are the people's voice, the sound of the fountain. All other sounds like vehicles, rustle of trees and birds were not reported. The map considers some reference points ( Figure 1A ) in the pavement of the square: the trees, the road, a step limiting the central pedestrian area, and a tile line of different color outlining a square around the fountain. The surveyors used these reference points to communicate to each other their own spatial perceptions and localize where it happened. During the morning surveys, the visual perception influenced the recognition of the sound of water, as can be seen by Figure 2 (A and B) .
In the afternoon the shade played an important role, as the surveys were done in hot weather, and the Piazza is completely protected from the sun by the trees, so people rest and talk on the steps of the fountain, and many children are at playing. Now the voices of people totally overwhelmed the sound of water: in fact, the focus of the perception of this sound was just near the fountain (Figure 3) . The 2 surveyors hence decided not to perform the survey blindfolded, as they were expecting no special difference in this case.
What happens in the evening is the opposite of what happens in the afternoon. In fact, the sound of the fountain can be heard from the street even though there are people talking, either walking or sitting on the benches. The passage of the few motor vehicles influences the recognition of the sound of the fountain, nevertheless they decided to not include this sound in the visualization on the map. The visual perception plays an important role (Figure 4 ) also considering that every faucet of the fountain is illuminated, so very visible in the dark. The surveyors used paper tissue and pins of different colors in their visualization: superposition of layers of tissue paper show where the different sounds coexisted, aiming at describing conglomerate and transparency of sounds. Pins indicate different features, usually regarding a small spatial scale.
All in all, while the visualization is somewhat naïve, the experience seems to have been quite deep. Part of the project is in fact to seek new ways to communicate soundscape experience.
Team Norma Saccucci, Eugenia Spinelli: these 2 surveyors experimented a sound-walk in the surroundings (June 21 st 2017, Figures 5-7) , walking in and out from Piazza Testaccio, blindfolded and open eyed, in turns. While blindfolded, they attempted some experiments of ecolocation type. While the training in echolocation should be quite longer to be successful, the experience is noteworthy for bodily orientation. Blindfolded they could orient themselves in a few positions, for example when passing from Via Marmorata, huge and very busy, to via Manuzio, smaller and more quiet. They also managed to recognize when entering the pedestrian area of the piazza, (the piazza opens up, trees soften traffic noises, the human voices predominate). Inside the square the sound of dry leaves on the ground and the sound of water initially got confused with plastic bags and bicycles.
Only after becoming familiar with all this types of sound, it was possible to recognize the sound of the water; then, listening to the different intensities of the water outlets and thanks to the presence of the manhole covers on the ground, it was possible to take a complete tour of the fountain while blindfolded. They concluded that the perimeter of the Piazza has a strong visual and sonic identity, where the bordering sounds are given by the presence of trees that attract birds and create areas of shade allowing people to stop and stay. Moreover the wind blowing on the trees creates a pleasant sound, leaves on the ground move pushed by the wind on the pavement and creak under the feet allowing the perception of being in proximity of the trees. The center of the square also has a strong visual and sonic identity, due specifically to the sound of water and that of the wet fallen sycamore leaves underfoot (Figures 5-7) . This careful sound-walk was reported in a typed report, verbal. The surveyors also did some visualizations, dealing with other aspects.
The two visualizations in this case show a vertical section of the Piazza, (instead of a plan as with the previous team), reporting sounds that had gone unnoticed by the first team, such as birds, and sycamore rustling due to the wind in their canopy. Probably the exploratory freedom in the sound-walk allowed noticing all these sounds, whose source is located at different levels above the ground, and sometimes out of sight; having to report such sounds in turn, affected the choice of a vertical section. The choice is not necessary: the same sounds could have been reported on the spot where heard, as part of the conglom- erate pertaining to it. These surveyors choose to report the placement of sources. Although the visualization chosen seems almost self-explanatory, a legend is included, classifying in Sounds of Nature, Sounds and Society, Manmade sounds, Mechanical Sounds. Each perceived sound is assigned to one class. This classification enables authors to distinguish the sounds of dried leaves and wet leaves, both fallen on the ground: dried leaves are classified as natural sounds, making noise both due to the wind and to trampling; while the wet ones are considered "sounds and society", as they are there because there is a fountain, and only produce a sound when trampled by people. Observing Figure 7 , showing the result of the night survey, one can observe that the piazza in the summer seems crowded also at night, and the sound of the fountain is reported to be not so emerging, as one would expect. In fact, the night sound-walk is not even commented in their written report.
In summary, the two experiences and their reports highlight rather different features and attitudes about the very same piazza. The vertical section allows appreciation of sounds coming from out of sight sources, and is due to a team more analytically inclined, rather describing single sounds than their interaction. On the other hand, the plan map of the first team allows appreciation of conglomerates, and their careful spatialization in ear-points. The focus on plan map, though, seems to erase some sounds from memory or from attention, as if they did not belong in the conglomerate. In fact, both analytic and conglomerate listening are perfectly legitimate and performed routinely, and one of the great challenges in soundscape research is exactly that of grasping the spatial organization underpinning the two attitudes. In oral tradition music, often dealing with festivals and ritual gatherings, spatial organization of overlapping sounds is crucial, and reported in ethnomusicology studies on space, such and those that motivated the book [20] .
Ray-tracer simulation: the symmetry of the Piazza results in disorientation
A wave, by definition, is the propagation of a disturbance in a fluid. We choose to study here only the propagation of the wave front. Computer simulations of wave propagation in 3d space are expensive in terms of computational time, and depend on a number of parameters. Moreover here the object of study is an open space, at urban scale.
Other researchers use simulations to study the acoustics of open space, as in [21, 22] : the authors deal with the acoustic properties as part of the cultural heritage of historical sites as ancient roman theaters. We wanted to check some very evident features, which appear perceptively robust with respect to perturbations in other parameters. Lorenzo Pierini, architect, performed the analysis.
The simulation shown in this section uses a geometric model made of Piazza Testaccio, data measures obtained in 3D space from Google map. As in all models, we take into consideration some spatial relations, and ignore the others. A source, point shaped, is first placed exactly in the middle of the very symmetrical piazza, and we simulate the propagation of the wave front. In a second simulation we put a point shaped source in a different position, which is not symmetric with respect to the center, and compare the outputs. After a few milliseconds the two initial posi-tions yield similar spatial diffusion, due to the reflections on the very symmetric border.
We simulate the wave front of the diffused sound using BAAT, a ray-tracer plugin of Grasshopper, itself a plugin of Rhino. The software has not been marketed yet, and we gracefully obtained it from its authors to experimental ends. For its use we relied on their description in [6] . BAAT visually describes a wave front emanating from a source and its reflections on obstacles in the surrounding space, by following the paths of many single particles initially distributed over a small spherical surface around the source. The software was created for indoor halls simulation. In the case at hand, the "ceiling" is the sky, and we modeled it consequently in the absorbing coefficient. A 3d model was created, starting from a map of the Piazza, and a 3d model where the height of the buildings was computed from the program Google Earth. The boundaries have been assigned Noise Reduction Coefficients (or absorbing coefficient), as follows. The buildings and streets have been assigned a NRC = 0.05, (i.e. they reflect 95% of the arriving particles). The piazza itself (the void space) has a side of ca 50 mt, and together with surrounding buildings it occupies a square of side ca 180mt. To model the open situation, and the sky as boundary, the whole 3d model of the piazza was modeled inside a fictitious cube of side 240 mt, whose sides are assigned a NRC=1.00, i.e. a totally absorbing coefficient, which allows to neglect the particles once they are high in the sky, and at any rate, past this bounded fictitious cube. The source is situated at 0.5 meters from the floor, respecting the position of the fountain, and the number of generated particles is 20.000.
A particle system is a discrete system, completely discontinuous, while a wave (together with its front) is spatially continuous, and to be treated as such, would need numerical integration of the wave equation with complicated boundary conditions, and a rather large spatial scale. We therefore choose to only examine aspects robust under the discrete treatment. This means, for instance, effects of diffraction cannot be captured and appreciated, as each particle does not act as a wave front in itself. The advantages of the particle approach, on the other hand, are not only easiness and velocity in computation, but also the remarkable fact that it visualizes quite effectively some key elements of sound in space. We know that a wave, coming from a point source and propagating in an open field, looses energy with the square of its distance from the source; the wave front expands spherically and the particles find themselves sparser and sparser, spread over a larger and larger surface. This is the actual and rigorous visualization (and meaning) of the square law 1/R 2 . Here you can see it very clearly, together with the strict necessity of its hypothesis about the open space configuration, and when it fails, due to obstacle in space. At this stage we only look into the thickening of the packet of particles, due to reflections. Acoustically this configuration goes under the general name of "semi-reverberant space". We visualize it effectively, we think. When the wave front meets obstacles, a number of things indeed could happen. Intensity of sound is represented by density of particles. Reflections follow one another, and after touching an obstacle, particles lose some energy. The diminishing of energy is shown by the green color, becoming lighter, then yellow, then red (no energy). As time passes, the frames show that a big amount of particles disperse out of the piazza, in the direction of the sky. This was all predictable. We cut out the particles going beyond the top of the buildings, allowing a clear view of what was happening inside the piazza.
An animated sequence allows us to follow little bunches of particles, and to realize how they remain trapped in the piazza, so that after the first few reflections information about the original location of their source is lost. In fact, we checked this effect by moving the source, as showed in Figure 8 : the propagation of the wave front, when the point source is located in the center of the piazza is showed in (A); while (B) displays the propagation when the source is located in one corner at the border of the piazza, well off from the fountain. Qualitatively the ray-tracer shows very similar situations: it seems the symmetry of the piazza traps the particles in spatially similar ways, even if the source is placed in a non-symmetrical position. After 40-70 milliseconds, the spatial distribution is qualitatively indistinguishable.
Important feature is that there is a lot of spatial acoustical confusion inside the piazza. Inhabitants told us that the piazza is noisy, with noises of many kinds. Unexpectedly, traffic is not the worse. This picture well explains the reported perceptive bewilderment and inability of locating sounds, yielding actual disorientation.
The sound of Fontana di Trevi:
spazialized perceptual analysis, acoustic levels, and ray-tracer simulation
The sound of the famous fountain in Piazza Fontana di Trevi mythically diffuses in the alleys around, as all Romans know, well beyond the piazza itself. This effect was studied years ago by the second author in [36] . The foun- tain itself is a "mostra d'acqua"⁴, i.e. one of the important fountains built as terminals of Aqueducts. All Mostre are characterized by a huge amount of falling water. Differ-4 Since ancient Roman times, a monumental fountain was erected in the end points of the aqueducts; it was called "exhibition" because it represented the exposure to the public of the clear waters brought from distant sources through the inventiveness of builders and inventors of large plumbing and construction companies. http://www.sovraintendenzaroma.it/i_luoghi/roma_antica/ monumenti/acquedotto_vergine ently from other "mostre d'acqua" in Rome, Fontana di Trevi is situated in a rather small and secluded piazza, and its sound becomes even more important. The sound of a fountain has historically filled the piazza and the surrounding alleys for centuries [17] . Documentation: instrumental detection (measures or recording) was discarded in the first study, because when documenting the sonic situation of an area in which there are noises and sounds of various kinds, the human ear is able to select and, in some cases, separate the different sounds: we wanted to document this ability. The con- glomerate of sounds changes dramatically with even small changes in space, to the extent that in some spots people can have conversations and in some nearby spots they cannot.
The team consisted of 7 surveyors, all graduated students of Architecture, age 22-30, 4 female and 3 male. One is an expert listener. The detection was done individually by each of the 7 surveyors involved; the team defined in advance spots where to stop and assess the recognition of the sound of the water. Each surveyor would stand, with the arms in a horizontal position, and swish thumb against the others fingers in each hand; bending the arm, now takes the hand and its subtle swishing close to the ear. A single sound is measured according to the distance from the ear at which it results covered by the fingers swish. The surveyor then notate this on the map, by giving a level 0-10 to the assessed sound, depending on how close to the ear the hand is, when its swish covers the sound. The lowest level 0 means "I can still hear the subtle noise of my fingers better than the sound I am assessing, with arm completely elongated, so I give the external assessed sound a 0". The highest level 10, on the contrary, means "I keep hearing and clearly recognizing the assessed sound, until my fingers are scrubbing just into my ears: I then give the assessed sound the maximum level". In between these levels, there are sounds for which there will be positions of the hand that cover the assessed sound⁵. Then all the surveys of a given area are gathered, and an average is performed on the levels. This method is perceptive and allows a quantification of the perception. The quantitative perceptive results were discussed by the group, in order to visualize, so that everyone agreed on the "sound map" that is presented in the two Figures 9 (A) and (B) . Observing the blue gradation in the two figures, one notes that moving away from the fountain the sound sometimes decreases regularly, sometimes suddenly, sometimes it is kept constant for long sections of space. The area where the fountain is perceived is remarkably larger at night: this different distribution of recognizability is due to the day presence of extraneous noises, which either mask the sound of the fountain, or else distract the perceiver.
Some of the narrow streets near Fontana di Trevi seem to act as waveguides; this and other measurable phenomena were then assessed instrumentally by performing measures with a sonogram, later [36] . We measured levels of intensity together with Gerhard Mueller. The sound of a fountain is strictly a complex one. This fact reflects in particular on its Fourier spectrum, which is rich, and spatialized, i.e. it differs in different spots in the piazza. Therefore measurement corrections due to different human perception of different frequencies [42] are particularly stratified and complex in this case. Figure 10 shows the positions of spots of the instrumental measuring. We include a first visualization map of the LAeq measurements in Figure 11 .
The perceived sound maintains the same constant level while walking away into a street, and this level drops suddenly to zero at intersections: this seems to confirm the phenomenon of the wave-guide-like effect by the semireverberant configuration. Figure 13 and color was gradated accordingly. White areas (no measurements) denote areas where loud chattering or to vents were too close to the sonometer to reasonably separate the fountain. (reproduced from [36] with permission by authors).
Also in the case of Fontana di Trevi, a ray tracer simulation was by Lorenzo Pierini with BAAT. The resulting sequence of frames can be read in Figure 12 and compared with the results shown in the other assessments just reported [36] . The 3d model is larger than that of Piazza Testaccio, since it includes various blocks around the monument. Again, to model the open space, and the sky as a limit, the model is inserted into a fictitious cube of side 600 meters. Again a 3d model of the buildings is constructed with data from google maps. The buildings and streets are given an NRC value = 0.05 while again the sides of the fictitious external cube are assigned NRC = 1.00. The source is located 2 meters above the ground, respectful of the composition of the central fountain. The number of particles generated is 5000. The particles spread over a quarter of a sphere, since the source is placed against the wall and very close above the fountain floor. The red dots appearing in all the frames are reference points of BAAT, and we did not use them.
The frames in Figure 12 allow following the wave-front from 27 and 39 milliseconds, onwards. The front bounced, and some "arcs" of particles can be seen. In the left picture (A) a packet of particles traveled in the alley, and a consistent number arrived in the small widening of the street and seem to remain there for a while. This is to be compared with the perceptive night survey appearing in Fig- ure 9 (B). In the same widening a dark zone can be seen; this means that there the sound of the fountain was still clearly perceived, at least at night. Figure 12 , frames on the right, show via delle Muratte: a packet of trapped particles can be clearly seen (it is where also the red dots are visible). This corresponds to the phenomenon that in the perceptive study [36] shown in Figure 9 water sound was heard along this street.
Finally, Figure 13 shows Vicolo del Forno, the small alley (where also the red check-dots are positioned). The perceivers reported a sense of disorientation when entering this small street: they could not understand, on closing their eyes, in which direction they were walking. The raytracing confirms this hypothesis, since a packet of particles can be seen, trapped in the alley: this, compared with the measurements taken by a sonometer, confirms once more the effect in the alley. In this case a psychoacoustic "precedence effect" can account for the disorientation, as the entire source is perceptively assigned to the reflection closest to the perceiver.
Conclusions
We studied the soundscape of two piazzas in Rome, using perceptive methods and numerical simulation for a first comparison between different approaches. The perceptive surveys were performed by groups of graduate students of the School of Architecture of Roma Tre University, used to report experiential data at urban scale, and to visualize them. We also report narratives, to point out some sonic and embodied features, such as sound as an orientation factor. The visualization for Piazza Testaccio displayed in section 3 aims at giving a description of the soundscape conglomerates, with some particular attention to the sound of water of the fountain; the surveys performed in Piazza Fontana di Trevi on the other hand aimed at the recognition of the only sound of water, no other sounds are mapped. The reason lies in the special cultural role of the sound of Trevi.
The numerical simulation of a wave front spreading from a point source placed in both piazzas, gives account of some of the perceptive features, reported from surveyors and from inhabitants. The ray-tracer simulation gives a visualization of immediate interpretation on how particles spread from the source, in the piazza and in the surrounding alleys, sometimes being trapped. This visual effect finds a correspondence in the perceptive data surveyed, and in case of Piazza Fontana di Trevi, also in the instrumental measures performed and already published in [36] .
We believe in both methodologies, perceptive and instrumental and in their fruitful co-existence. Perceptive surveys involve attention, which means the capacity of "focusing" into a sound and on its localization. While we owe a lot to Murray Schaefer and his analytical listening, we attacked the challenge of conglomerate of sounds.
This goes in the direction of assessing soundscape, and recognizing sounds among other sounds, which is a goal to be pursued both when dealing with concepts as "comfort" and "quietness", and when dealing with sound as connoting and identifying an area.
